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In the past, most of what a Landing Signal Officer (LSO) learned was through direct experience;
the longer the LSO "hung around”, the more "sea stories" he had heard, the more "lessons learned"”
he had seen, the more he filed away for later use and as a future reference. Any technical
knowledge or information he gained was usually passed by word of mouth, and only after time did
the LSO become knowledgeable and proficient in his job.

Today's LSO may not gain as much experience as in the past; however, the demand on LSO
proficiency is ever increasing. With pilot flight time decreasing, the procurement of replacement
aircraft below requirements, and the cost of per aircraft increasing, the onus on the LSO is now
greater. More than ever it is mandatory that the LSO must be able to wave a safe and expeditious
recovery every time.

The LSO Reference Manual is intended to categorize and briefly explain LSO related technical
references, establish a training outline for the LSO, and provide a basic document for self study.
This guide is not intended to provide all the answers or to replace references which the LSO must
know intimately, such as LSO NATOPS, CVNATOPS, Aircraft Recovery Bulletins, Commander
Naval Air, Atlantic (AIRLANT), Commander Naval Air, Pacific, (AIRPAC), or Commander Naval Air,
Training (CNATRA) instructions/SOP, etc. if used as guide, it should provide answers to many
questions and point fledgling LSOs in the right direction for accurate information. As an additional
caveat, the LSO Reference Manual is not intended to be used as a technical source document.
Appropriate Naval Air Systems Command (NAVAIR) publications should be consulted for the most
current information regarding system design, configurations, etc.

Safety is always the prime concern for the LSO. We should not have to relearn in the future
what we already know today.

Requests for additional copies and/or submission of recommended changes should be directed
to:

Officer-in-Charge

U.S. Navy Landing Signal Officers School
1680 Tomcat Blvd.

NAS Oceana

Virginia Beach, VA 23460-2189

Phone: DSN 433-2530

COMM. 1-(757) 433-2515
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CHAPTER 1

OPTICAL LANDING AID SYSTEMS

1.1. GENERAL

There are two optical landing systems being
used by the Navy, the Fresnel Lens Optical
Landing Aid System (FLOLS) and the
Improved Fresnel Lens Optical Landing Aid
System (IFLOLS). IFLOLS will be covered in
chapter 2 of this manual.

1.2 FRESNEL LENS OPTICAL LANDING
AID SYSTEM (FLOLS)

FLOLS is an electro-optical pilot landing aid.
The present shipboard variant is the Mk 6
Mod 3 FLOLS, which incorporates the Carrier
Landing Aid Stabilization System (CLASS).
CLASS features two identical channels of
stabilization complete with gyro/sensor units,
electronic computers, monitoring circuits,
built-in maintenance facilities, and automatic
trim stabilization units. CLASS automatically
corrects lens settings for static mistrim of the
ship to maintain a constant preselected hook
touchdown point. There are three modes of
operation, inertial, point, and line. The inertial
mode, which compensates for ship's heave
(vertical displacement or up and down
"bobbing" of the ship), is the primary mode of
operations.

The FLOLS System includes a deck edge
assembly (lens), the FLOLS Control Room),
the Pri-Fly area, and LSO Platform. (Figure
1-1)

There is a vast amount of printed information
available on the FLOLS. A thorough
understanding of the following list of
publications is a must for an LSO:

1. Technical Manual, Fresnel Lens Optical
Landing System Mk 6 Mod 3, Installation,
Service, Operation and Maintenance
Instruction (NAVAIR 51-40ABA-10)

2. Aircraft Recovery Bulletin No. 62-12 (Mk
6 Mod 3 FLOLS)

3. Aircraft Recovery Bulletin No. 10-10.
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1.2.1 Fresnel Lens Description. The
Fresnel lens is a lightweight and relatively thin
sheet of transparent lucite. The refraction of
light rays by the Fresnel lens is collective.
One surface of the Fresnel lens consists of a
number of stepped facets. These facets are
circular, concentric grooves that extend from
the center of the lens to the edges. The slope
of each facet is independent of the slope of all
other facets. These slopes are designed to
provide a perfect focus of the light rays which
pass through the lens and causes no
spherical aberration of light rays. Therefore,
the light rays are not scattered. The Fresnel
lens can also be formed around a suitable
radius to minimize astigmatism. (Astigmatism
is the inability of the lens to bring all of the
light from a point on an object to a sharp focus
to form the image.)

1.2.2 Lenticular Lens. The lenticular lens is
the vertical fluted" lens attached in front of the
Fresnel lens. It provides meatball color,
azimuth (+20°) and helps to disburse sun
reflection from the lens face. (Figure 1-2).
The lenticular lens consists of many long,
convex, cylindrical lenses placed side by side
as shown in Figure 1-3. Each individual lens
has the same short focal length. The viewing
area of the object is spread by the short focal
length of the lenticular lens. If the object
consists of a multiple light source with spacing
between the lights, the object appears, when
looking into the lens as a continuous band of
light which fills the width of the lens. In the
Fresnel system, the arrangement of the
lenses with respect to the source lamps and
the physical properties of the lenses cause the
source lamps to appear as a common light
image 12 inches wide and of variable height
depending on viewing distance. The object
appears as a continuous band of light
regardless of the observer's position in the
azimuthal range of the lenticular lens. The
azimuthal range is the angular position
(expressed in degrees) in a horizontal plane in
which the pilot of an approaching aircraft can
observe the band of light. The azimuthal
range of the lenticular lens used in the Fresnel



system is 40 degrees (Figures 1-3 and 1-4).
The appearance of the height of the object is
not affected by the lenticular lens.

The lenticular lens in each of the top four cell
assemblies is colored aviation yellow during
manufacture to eliminate the need for an
aviation-yellow light filter, with its subsequent
light attenuation. Also, sun glare from the
facets of the lenticular lens is reduced. If a
smooth filter were used to cover the lenticular
lens, the reflection of the sun might obliterate
the image. The lenticular lens in the bottom
cell assembly is colored aviation-red during
manufacture for the same reasons as
described for the coloring of the lenticular
lenses in the top four cell assemblies. In
addition, the aviation red coloring of the
lenticular lens in the lower cell assembly
enables the pilot of an approaching aircraft to
distinguish a low meatball condition at a point
further aft of the touchdown point than if the
lower cell assembly were colored
aviation-yellow.

It can be easily "murphyed”. Run your
fingers across the lens face; the slots should
be felt on the outside. Since it is exposed to
the elements, it needs to be kept clean and
dry. Salt, water, dirt, or exhaust smoke may
cause spherical aberration, i.e., poor
definition.

1.2.3 Optical Characteristics

1.2.3.1 Effects of Temperature. The optical
characteristics of the Fresnel lens vary
appreciably with changes in internal cell
temperature. To maintain design
characteristics of the Fresnel lens, the
lens-heating compartments are maintained at
a temperature which is relatively constant.
The Fresnel lenses are each enclosed in a
separate compartment in which the lenticular
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lens serves as the front and the optical glass
serves as the back of the compartment. Hot
air is circulated in the compartment under
thermostatic control. If the lens temperature is
allowed to vary beyond operational limits
(100+3°F), three effects will be observed:

1. As temperature varies, the size of the bar
of light will appear to change as the image
moves from the lens center to the transition
line between cell assemblies. (The transition
line is defined as the physical break between
the cells.) If the temperature is higher than
operational temperatures, the bar of light at
the center will appear smaller and bloom to a
larger bar of light at the transition line between
cells. At lower temperatur